Emergence and maintenance of resistance to fluoroquinolones and coumarins in Staphylococcus aureus: predictions from in vitro studies.
Fluoroquinolones and coumarins interfere with the activity of bacterial type II topoisomerase enzymes. We examined the development of resistance to these agents in Staphylococcus aureus and determined the effect of simultaneous topoisomerase IV and DNA gyrase mutations on the biological fitness of the organism. This work aimed to gain insight into how such mutants might arise and survive in the clinical environment. Spontaneous mutants resistant to fluoroquinolones and coumarins were selected in S. aureus. Resistance mutations were identified by DNA sequencing of PCR amplicons corresponding to the genes encoding topoisomerase IV and DNA gyrase. In vitro fitness of resistant mutants was compared with the antibiotic-susceptible progenitor strain using pair-wise competition assays. Mutants simultaneously resistant to both a fluoroquinolone and either of the coumarins, novobiocin or coumermycin A1, could not be recovered following a single-step selection. However, mutants concurrently resistant to both classes of antimicrobial could be generated by step-wise selections. These mutants demonstrated reductions in competitive fitness of up to 36%. Dual-targeting of topoisomerase IV and DNA gyrase enzymes, for example with the combination of a fluoroquinolone and a coumarin agent, could minimize the emergence of resistance to these drugs in S. aureus. However, resistance-associated fitness costs may not be sufficient to limit the survival of mutants with dual resistance, if they arose in the clinical setting.